ABSTRACT
Introduction

2
The production of extended-spectrum beta-lactamases (ESBL), Class C cephalosporinases and 3 carbapenemases constitute the primary antibiotic resistance mechanism in Enterobacteriaceae 4 [1, 2] . Together, these beta-lactamases confer resistance to all available beta-lactam antibiotics, and 5 are associated with significantly high levels of co-resistance to other classes of broad spectrum 6 antimicrobials [1-6]. Increasingly, the CTX-M-15 type ESBLs are becoming predominant in 7 Ghana [7, 8] . Occurrence of the recently described OXA-48 type carbapenemase and widespread 8 reports of bla NDM-1 genes across Africa further compound the outlook of the antibiotic resistance 9 problem [9] [10] [11] [12] [13] . Indeed, emergence of such resistant bacteria is often related to misuse and abuse 10 of beta-lactam antibiotics [14, 15] . However, the burden of such pathogens is also hugely aided by 11 poor sanitation [16] [17] [18] . Cockroaches, which widely colonize the environment, including human 12 dwellings, may well act as vectors of antibiotic-resistant bacteria.
13
Cockroaches are abundant in Ghanaian households and are known to harbor an array of pathogens 14 [19] . They often reside in household sewage pipe systems, which are a repository of diverse 15 infectious microorganisms. That cockroaches carry pathogenic bacteria is well documented in 16 literature [19] [20] [21] [22] [23] . Some of the pathogenic bacteria may be carriers of drug-resistance 17 determinants, particularly beta-lactamases. However, only few studies have investigated AmpC,
18
ESBL or carbapenemase resistance elements in bacteria from cockroaches [24] . Consequently, the 19 vector potential of cockroaches in the dissemination of such multidrug-resistance mechanisms is 20 largely under-reported. In this study, we report the presence of CTX-M-15-, OXA-48-and NDM- 
16
Sample collection and processing 17 All 100 households were provided with 100 ml sterile containers with screw caps, sterile zipper (supplementary data 1) were used for sequencing CTX-M-1, CTX-M-9, SHV and TEM genes.
6
Nucleotide and deduced protein sequences were compared with sequences in the NCBI database 
Conjugation
18
All CRe isolates were included in the conjugation assay. Conjugations were done using sodium 19 azide-resistant E. coli J53 as recipient [34] . None of the CRe showed resistance to sodium azide.
20
The donors were cultured in Luria-Bertani (LB) (MAST, UK) broth with cefotaxime (8 µg/ml) 21 overnight. The recipient was also cultured overnight in LB broth but with no antibiotic.
22
Subsequently, 1 mL aliquots of each donor and the recipient were separately transferred into fresh 
Characterization of CRe
21
Of the 20 cockroach CRe, 12 isolates (from 10 samples) expressed ESBL (n=5), AmpC (n=4) or 22 were resistant to meropenem (n=3) ( diversity with low inter-species similarity regardless of the beta-lactamase gene sequence (Fig 2) . households, all from human CRe. 
